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International Team Studies Tsunami Deposits in Japan to Improve
Understanding and Mitigation of Tsunami Hazards

By Bruce Jaffe, Bruce Richmond, and Helen Gibbons

The March 11, 2011, magnitude 9.0
Tohoku earthquake off the coast of Japan
generated a tsunami that inundated
a large area on the northeast coast of
Honshu, the country’s main island,
resulting in widespread devastation (see
related Sound Waves article at http://
soundwaves.usgs.gov/2011/03/). At this
writing (June 1), the death toll stands at
approximately 15,000 and the number of
missing at approximately 8,000 (http://
earthquake-report.com/2011/05/13/
japan-tsunami-a-massive-update-for-
our-catdat-situation-report-part-15/).
The earthquake was one of the five most
powerful earthquakes recorded in the world
since instrumental detection and record
keeping began around 1900. The resulting
tsunami flooded dozens of coastal cities,
numerous ports, and the broad coastal plain
around Sendai—the nearest major city to
the earthquake, at a distance of 130 km (80
mi) from the epicenter. It is now estimated
from aerial and satellite photography that
an area of almost 500 km? (200 mi?) was
inundated by the tsunami.

In May 2011, U.S. Geological Survey
(USGS) scientists Bruce Jaffe and Bruce
Richmond examined sediment deposited
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Sites where the
international tsunami
survey team worked
on the Sendai coastal
plain in Japan in May
2011. Background
images, taken

before the March
11,2011, earthquake
and tsunami, are
from the Geospatial
Information Authority
of Japan (GSI) Web
site (http://www.gsi.
go.jp/ENGLISH/).

——
e ———] §

o~

by the tsunami in and around Sendai as
part of an international tsunami survey
team organized by Japanese scientific
cooperators. The 11 members of the team
came from Japan, the United States, Aus-
tralia, Poland, the United Kingdom, and
Indonesia.

Survey teams try to enter tsunami-
stricken areas as soon as possible after
rescue and recovery work to document
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physical evidence of tsunami flow char-
acteristics—such as debris in trees,
high-water stains on buildings, and sedi-
mentary deposits—before it is degraded
or destroyed by natural forces or cleanup
activities. Japanese researchers began
this process during the second week after
the earthquake; as the situation in Japan
improved, they invited scientists from the
(Tsunami Survey continued on page 2)

The March 11, 2011, tsunami destroyed most buildings in Yuriage, leaving exposed foundations and scattered debris. The tsunami flow was about 8 m (26 ft)
deep here and moved a stone monument off the top of the artificial hill in the background on the left side of the photograph. The stone had been placed as a
reminder of the 1933 Showa tsunami that killed many in Yuriage.
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Fieldwork, continued

(Tsunami Survey continued from page 1)

Members of the May : g
2011 international :
tsunami survey team
near their main survey
transect. Sendai Airport
is in the background.
Survey team members
and affiliations are (bot-
tom row, left to right)
Kazuhisa Goto (Chiba
Institute of Technol-
ogy, Japan), Shigehiro
Fujino (University of
Tsukuba, Japan), Wi-
tek Szczuciski (Adam
Mickiewicz University, Poland), Yuichi Nishimura (Hokkaido University, Japan), Daisuke Sugawara
(Tohoku University, Japan); (top row, left to right) Eko Yulianto (Indonesian Institute of Science,
Indonesia), Rob Witter (Oregon Department of Geology and Mineral Industries, U.S.A.), Catherine
Chagué-Goff (University of New South Wales, Australia), Dave Tappin (British Geological Survey,
United Kingdom), Bruce Richmond (USGS, U.S.A.), and Bruce Jaffe (USGS, U.S.A.).

international tsunami-research community
to assist with gathering data from the large
area affected by the tsunami.

The May reconnaissance survey focused
on the characteristics of tsunami sediment
deposits in the vicinity of Sendai Airport,
with a specific emphasis on how these
characteristics varied with tsunami speed
and flow depth, to-
pography (including
microtopography),
distance from the
coast, urban and
rural settings, land
subsidence caused
by the earthquake,
and other aspects
of natural and man-
made features of the
landscape. Among
the information the
scientists collected
were data on water
levels, flow direc-
tions, topography,
sediment thickness,

and the composition and grain size of the
sediment). They also collected sediment
samples for microfossil, geochemical, and
other analyses. The sedimentary evidence
of the tsunami was complicated by lig-
uefaction of some coastal-plain sediment
during the earthquake and an extensive
(Tsunami Survey continued on page 3)

Building damaged by the tsunami in Yuriage. The tsunami flow depth
here was approximately 8 m (26 ft).

Tsunami water level Limit of tsunami

K | A inundation
grain size, and sedi- t 0
Flow Tsunami wave
mentary structures depth height

(patterns in the sedi-
ment produced by
variations in such
factors as the speed
of the water from
which the sedi-
ment was deposited

elevation

Sea level

Inundation distance ——

Diagram illustrating some of the terms used to describe tsunami char-
acteristics.
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Fieldwork, continued

(Tsunami Survey continued from page 2)

A

Approximate tsunami
water level

2
Extreme scour

around building

canal system that affected the movement
of the tsunami waves and the sediment
they carried.

This tsunami was particularly well
documented in video footage shot by news
agencies and citizens. The survey team took
advantage of the video data by focusing
their measurement and sampling efforts on
areas where footage is available. One video
they are using, posted at http://www.
zimbio.com/Japan+Earthquake+2011/
articles/PF8WtyjiF4c/Sendai+Tsunami+
Video+Japan, shows the tsunami hitting
the Sendai Airport. The team collected
data along a transect near the airport
where sand and mud were deposited
more than 4 km inland—the longest post-
tsunami transect in which tsunami deposits
have been mapped in detail. The scientists
will compare data from the sediment
deposits with data from the video in hopes
of relating characteristics of the deposits
to the flow history of the tsunami. For
example, they will compare the number
and thickness of layers in the tsunami
deposits with the number of waves and the
flow speeds observed in the video.

Fieldwork

Photographs from Ara-
hama beach on the Sen-
dai coastal plain taken (A)
before (April 11, 2010) and
(B) after (May 4, 2011) the
tsunami show damage to
vegetation, landscape, and
buildings. The buildings at
far right and left were com-
pletely destroyed; all that
remains are their founda-
tions. The restroom building
in the center survived the
tsunami but underwent ex-
treme scour and channeling
around its base. The high-
est point of limb removal on
the trees (trim line) shows
the minimum water level
of the tsunami in this area,
which was measured as
between 7 and 9 m (23 and
30 ft) above the ground
(10-12 m [33-39 ft] above
sea level).

/

Foundation of
destroyed building

The data collected in Japan, like data
collected in field surveys after other recent
tsunamis, will improve scientists’ ability
to recognize and interpret tsunami deposits
from ancient events. Some of the scientists
on the survey team will use the data to
develop numerical
models of tsunami
sediment transport
that can be applied to
tsunami deposits in
the geologic record to
determine the char-
acteristics—approxi-
mate size and speed,
for example—of an-
cient tsunamis. Data
from the Japanese
study will also help
scientists improve cri-
teria for distinguish-
ing tsunami deposits
from large-storm
deposits (see related
Sound Waves article at
http://soundwaves.
usgs.gov/2007/11/).

laboratory analyses.

Additionally, the reconnaissance team
will attempt to draw analogies between
the March 11, 2011, tsunami deposits and
deposits of predecessor events, such as the
Jogan tsunami, which struck the Sendai
plain in A.D. 869 and was named after
the emperor of the time. Japanese scien-
tist Koji Minoura (Tohoku University)
and colleagues published a paper in 2001
describing Jogan tsunami sand deposits
and two older sand deposits interpreted as
evidence of earlier large tsunamis (Jour-
nal of Natural Disaster Science, v. 23,
no. 2, p. 83-88, http://www.jsnds.org/
contents/jnds/23_2.html). The ages of
the two earlier tsunami deposits are A.D.
140-150 and 910-670 B.C. On the basis
of this limited paleotsunami record for the
Sendai coastal plain, the authors inferred a
tsunami recurrence interval of 800-1,100
years. At the end of the paper they wrote,
“More than 1,100 years have passed since
the Jogan tsunami and, given the reoccur-
rence interval, the possibility of a large
tsunami striking the Sendai plain is high.
Our numerical findings indicate that a
tsunami similar to the Jogan one would in-
undate the present coastal plain for about
2.5-3 km inland,” a prediction that proved
remarkably accurate.

Japan not only has the longest written
record of historical tsunamis in the world,
but it also has a vigorous paleotsunami re-

(Tsunami Survey continued on page 4

Wall of excavated trench showing the sedimentary structures of a
tsunami deposit (mostly horizontal sand layers) and locations (rectan-
gular markers on right) where sediment samples were collected for
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Fieldwork, continued

(Tsunami Survey continued from page 3)
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Yuichi Nishimura shows other members of the international tsunami sur-
vey team a sediment core taken by the geoslicer, a tool used to search
for ancient tsunami deposits.

search program designed to extend the tsu-
nami record into the past and improve tsu-
nami-hazard assessments. Examining field
evidence of recent and historical tsunamis
is critical to understanding these infrequent
but catastrophic phenomena. The data
collected recently in Japan by the interna-
tional tsunami survey team will be used to
develop tools for interpreting the geologic
record of tsunamis. These tools can be ap-
plied to other areas where the same coastal
hazard is present, such as the Pacific North-
west coast of the United States, and used to

USGS Scuba Diving Expertise: An Important Tool in Marine Research

By Matthew Cimitile

In November 2010, the U.S. Geologi-
cal Survey (USGS) Dive Safety Board
received the U.S. Department of the Inte-
rior’s Safety and Occupational Health Ex-
cellence Award in the Group category at a
ceremony in Washington, D.C. The award
is a reflection not only of the board’s ex-
emplary service but of the increasing use
of scuba diving in USGS studies of the
aquatic environment.

“Use of scuba diving is expanding so
much within the USGS due to the capabil-
ities of new technology. As the technology
develops, we are able to deploy instru-
ments underwater and learn about the ma-
rine environment as we have never been
able to before,” said Marc Blouin, USGS
Dive Safety Program Manager.

Some recent USGS research and field-
work involving diving include:

June 2011 Sound Waves

decrease future loss of
life and property from
tsunamis.

To view additional
photographs of the
March 2011 tsunami’s
impacts, please visit
the USGS Pacific
Coastal and Marine
Science Center Web
page at http://walrus.
wr.usgs.gov/news/
field.html.&

+ Studying the impacts of invasive
species on native species in the
Great Lakes, where researchers and
research divers created and installed

= Core collected by the
survey team 1.6 km (1 mi) in-
land at Arahama on the Sen-
dai coastal plain contains
sandy deposits from the A.D.
869 Jogan tsunami about 40
cm beneath the March 11,
2011, tsunami deposits. We
chose the site on the basis
of a report of the Jogan tsu-
nami deposits by Yuki Sawai
(Active Fault Research
Center) and colleagues in
the Annual Report on Active
Fault and Paleoearthquake
Researches (2008, no. 8, p.
17-70, http://unit.aist.go.jp/
actfault-eq/seika/h19seika/
pdf/02.sawai.pdf [5.5 MB])
and numerical modeling of
Jogan tsunami inundation by
Kenji Satake (Active Fault
Research Center) and col-
leagues (same volume, p.
71-89, http://unit.aist.go.jp/
actfault-eq/seika/h19seika/
pdf/03.satake.pdf [7.1 MB]).
The relative magnitudes of
the Jogan and 2011 tsunamis
cannot be inferred from the
thickness of each deposit,
which is affected by local
topography as well as sedi-
ment grain size and tsunami
flow speed.

March 11, 2011
tsunami

- A.D. 869 Jogan
tsunami

USGS diver performs
a quadrat survey of
invasive zebra mus-
sels in Lake Ontario,
New York.

various sampling devices to look

at the effects that exotic gobies are

having on sturgeon and their eggs.
(USGS Scuba continued on page 5)
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Fieldwork, continued

(USGS Scuba continued from page 4)

(View video clip “Invasive Spe-
cies” at http://soundwaves.usgs.
gov/2011/06/fieldwork2.html.)

* Monitoring groundwater and surface-
water flow in real time using Acoustic
Doppler Current Profilers (ADCPs).
Research divers install and maintain
these instruments in rivers, lakes, and
estuaries nationwide. Data obtained
are extremely valuable for estimating
the magnitude of floods and when
floodwaters will recede. (View video
clip “Acoustic Doppler Current Pro-
filers” at http://soundwaves.usgs.
gov/2011/06/fieldwork2.html.)

* Acquiring data on coral calcification
rates and coral health as ocean con-
ditions change. Divers set up equip-
ment and also monitor stations that
measure baseline calcification rates
and map metabolic characteristics
of benthic communities off South
Florida and in the Caribbean Sea.

-

USGS diver installs an Acoustic Doppler Current Profiler
(ADCP) in Lake Ontario, New York. Research divers de-
ploy and maintain these instruments in rivers, lakes, and
estuaries nationwide to monitor groundwater and surface-

water flow.

“The research that we do pertaining to
coral reefs couldn’t be done without scuba
diving,” said Don Hickey, a geologist and
Eastern Region Dive Safety Officer at the
St. Petersburg Coastal and Marine Science
Center in Florida. “You need divers to set
up instruments and collect data. Scuba is
another tool used to conduct the science, and
it needs to be done safely.” (View video clip
“Coral Reefs” at http://soundwaves.usgs.
gov/2011/06/fieldwork2.html.)

Fieldwork

Don Hickey attaches a PVC (polyvinyl chloride) housing to the

about 120 mi off the north-
west coast of Florida. The
Middle Grounds support
stony corals, nearly 200

fish species, sponges, and
other marine life, as well as
giant limestone pinnacles
and ledges whose origins
have long been a mystery to
scientists. In early August
2010, 11 USGS research div-
ers, along with an additional
diver from the Florida De-
partment of Environmental
Protection and another from
the National Coral Reef In-

seafloor. The instrument in the housing collects conductivity

(related to salinity) and temperature data at a site in Dry Tortugas
National Park where researchers are studying coral calcification.

Setting up the tools and technology to
study, monitor, and acquire underwater
information takes expertise and extensive
safety training in scuba diving. This is
where the USGS Dive Safety
Board comes in. The six mem-
bers of the board—all active
scientific divers—help manage
USGS scuba diving activities
and formulate the agency’s dive-
safety policies. They approve
dive plans, identify dive-related
safety issues, and develop annual
program goals. Another 19 Dive
Safety Officers in field facilities
keep track of dive records, such
as medical exams and training.

To be authorized to dive,
USGS employees need to obtain
supervisory approval, complete
scuba certification, pass a dive
medical exam, gain certifications
in cardiopulmonary resuscitation
(CPR) first aid and emergency
oxygen administration, and pass an open-
water checkout dive with a Dive Safety
Officer. The authorization process ensures
that USGS diving personnel have the
training and experience necessary to dive
safely while carrying out fieldwork.

The rigorous safety planning and prepa-
ration needed for a successful research
dive were exemplified in fieldwork con-
ducted almost a year ago at the Florida
Middle Grounds, a roughly 460-mi* area

5

stitute, took shifts in pairs to
descend 85 ft to the floor of
the Gulf of Mexico, where
they drilled into the seafloor to recover
cores. The cores will reveal what lies be-
neath the modern ecosystem.

“There has always been an effort over
the last 30 years to try and drill the Florida
Middle Grounds because we didn’t know
if they accumulated in place like a coral
reef or if they were erosional features,”
said Hickey. “Retrieved cores could pro-
vide information to help us answer that
question, and dating the core could help us
determine the timing of past sea levels in
the region.” Previous attempts at obtaining
geologic information at the Florida Middle
Grounds had been difficult because of the
extreme depths and thus the high pressures
in which scientists must work.

(USGS Scuba continued on page 6)

Florida

Middle @

Grounds

GULF OF MEXICO

Florida and the Gulf of Mexico, showing ap-
proximate location of the Florida Middle
Grounds (gray oval).
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Fieldwork, continued

(USGS Scuba continued from page 5)

Before making the research dives, sev-
eral USGS researchers and dive safety
officers conducted reconnaissance to
determine precise diving depths and to
familiarize themselves with conditions,
currents, and water temperatures at the
site. “There is a lot of reconnaissance that
is done prior to a dive. We run trips out
to the dive site to see what the conditions
are and what we will have to deal with,”
said Blouin. Information obtained through
prior reconnaissance is vital to plan for the
type of air to dive on, the tanks to use, the
amount of bottom time, and the surface
interval for each diver. Seismic-reflection
profiles were also recorded and provided
the science team with an idea of the sub-
surface structure.

Using Nitrox 36, a gas mixture com-
posed of 36 percent oxygen and 64 percent
nitrogen, researchers slowly dived to the
ocean floor with tools in hand. These
included hammers, wrenches, bolts, and
other equipment necessary to construct a
tripod on the seafloor and attach a drill.
As the drill stem of core barrels churned

deeper into the ocean floor, additional seg-
ments were attached to recover cores as
long as 60 ft. The divers were split up into
six dive teams that alternated descents.
Each team spent about 40 minutes on the
seafloor before ascending back to the sur-
face. When the work was complete, the
team members had collected four geologic
cores ranging from 2 to 57 ft long that will
tell the story of how the Florida Middle
Grounds formed. Overall, 13 divers con-

USGS scientists
operate a hydraulic
rotary drill to collect
cores that will help
them better under-
stand the geology
and formation of
the Florida Middle
Grounds.

ducted 65 dives and collectively spent 101
hours underwater.

Years ago, the ability to obtain geologic
information at such depths, as well as
constantly monitor biologic and hydro-
logic activity in the marine environment,
would have seemed impossible. Today,
such research is becoming more common
and is a testament to improved diving
techniques and enhanced technological
capabilities. &

Wildfire in the Florida Everglades Changes Fieldwork Schedule,
Gives Scientists Views of Large Prescribed Burn

By Paul R. Nelson

Departing Flamingo Utility Basin in
Florida’s Everglades National Park on
April 7, 2011, and boating north through

June 2011
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USGS intern Marie An-
dersson (see “New Intern
from Sweden...” in Sound
Waves, March 2011,
http://soundwaves.usgs.
gov/2011/03/staff.html) and
the Cape Sable fire.

Whitewater Bay, we noticed a thin plume
of smoke rising midway along Cape Sable
to the west. Our task for the day involved
sampling five Surface
Elevation Tables (SETs)
established in 1996 and
measured quarterly.
(SETs are mechanical
leveling devices for
measuring the elevation
change of wetland sedi-
ment; visit http://www.
pwrc.usgs.gov/set/ for
more information.)

The SETs are located along Big Sable
Creek on the northwest coast of Cape
(Cape Sable Fire continued on page 7)

Ash falling at Big Sable Creek hydrostation.

Fieldwork



Fieldwork, continued

(Cape Sable Fire continued from page 6)
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lightning the day be-
fore, the National Park
Service (NPS) needed
the helicopter to assist
in monitoring and con-
taining that fire. The
lack of a helicopter

Big Sable
Creek
-/

Whitewater
Bay

Cape

Sable

-

.
5 mi Flamingo

0 5 km

moved us up a day in
our sampling schedule
and routed us here
within sight and smell
of the Cape Sable fire.
After completing
the sampling and exit-

/-» ing Big Sable Creek

into the Gulf of Mexi-
co for the return trip to
Flamingo, we saw that
the smoke had risen

high above and drifted

Cape Sable in southwest Florida (red square on inset map).

Sable within Everglades National Park. By
the time we arrived, tethered our vessel to
the shore, and set up our equipment, the
sky had darkened and ash had begun to
fall. Winds were light and steady from the
southeast; I estimated that the fire was still
several miles away and no threat to us.
The irony was that we had been sched-
uled to fly by helicopter that day to our
sites up on the Lostmans River, many
miles to the north, but because of a fire in
Big Cypress National Preserve, ignited by

several miles west-
ward out to sea. Run-
ning parallel to Cape Sable from north to
south on the inside passage of Whitewater
Bay, we saw now that much of the cape
was burning, and new, isolated blazes
were beginning to grow. I suspected a
prescribed burn. The presence of NPS
fire-management personnel had increased
around Flamingo over the past few days,
and the park had been under “high fire
risk” for weeks.

Upon calling NPS Dispatch and clos-
ing our float plan, we were informed by

an NPS employee that it was indeed a
prescribed burn, involving nearly 8,000
acres, including much of the area burned
by wildfire in 2008 as well as some ar-
eas not exposed to fire for more than 10
years. Fires are essential to the region
in clearing, restoring, and maintaining
habitat (especially that of the critically
endangered Cape Sable Seaside Spar-
row) and reducing the accumulation of
hazardous fuel. &

Cape Sable Seaside Sparrow (Ammodramus
maritimus mirabilis) in Everglades National
Park. This individual was part of a demographic
study of the effects of fire on sparrow abun-
dance and nesting success. Photograph taken
by David A. La Puma on January 8, 2006 (http.//
en.wikipedia.org/wiki/File:CSSS1.jpg)

Smoke drifting off Cape Sable into the Gulf of Mexico.

Fieldwork

Cape Sable fire reaching the shores of Whitewater Bay.
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Research

Extent and Speed of Lionfish Spread Unprecedented—Invasive Marine Fish
May Stress Coral Reef Ecosystems

By Pam Schofield and Rachel Pawlitz

The rapid spread of lionfishes along the
U.S. eastern seaboard, Gulf of Mexico,
and Caribbean is the first documented case
of a nonnative marine fish establishing a
self-sustaining population in the region,
according to recent U.S. Geological Sur-
vey (USGS) studies.

“Nothing like this has been seen before
in these waters,” said Pam Schofield, a
research fishery biologist with the USGS
Southeast Ecological Science Center in
Gainesville, Florida. “We’ve observed
sightings of numerous nonnative spe-
cies, but the extent and speed with which
lionfishes have spread has been unprec-
edented; lionfishes pretty much blanketed
the Caribbean in three short years.”

More than 30 species of nonnative ma-
rine fishes have been sighted off the coast
of Florida alone (see Field Guide to the
Nonindigenous Marine Fishes of Florida at
http://fl.biology.usgs.gov/Marine_Fish_
ID/), but none of these have demonstrated
the ability to survive, reproduce, and spread
successfully until now. Originally from
tropical waters of the Indian and western
Pacific Oceans, two species of lionfish,
Pterois volitans and Pterois miles, have
been documented spreading along the
Atlantic coast of the United States and
throughout the Caribbean. Their popula-
tions in the region are now self-sustaining.

It is not yet clear exactly how the new
invasive species will affect coral reef eco-
systems in this part of the world. Foremost
on the minds of both citizens and scientists
is the lionfishes’ predatory behavior, which
may negatively impact native species in the
newly invaded reef ecosystems. Generalist
species with a broad diet, they have already
been observed preying on and competing
with a wide range of native species.

Invasive lionfishes were first reported off
Florida’s Atlantic coast in the mid-1980s but
did not become numerous in the region until
2000. Since then, the lionfish population has
rapidly spread north along the Atlantic coast
and south throughout most of the Caribbean.
The spreading population is now working
its way around the Gulf of Mexico.

June 2011 Sound Waves
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Schofield spent years compiling and
verifying lionfish sightings, reaching out
to local experts such as biologists, mu-
seum curators, natural-resource managers,
divemasters, and citizens’ groups to col-
lect detailed records of specimen collec-
tions and sightings throughout the region.
The records were compiled in the USGS
Nonindigenous Aquatic Species database
(http://nas.er.usgs.gov/) and used to map
the fishes’ spread.

No one knows for sure exactly how the
predecessors of the current population first
made it into the Atlantic and Caribbean.

It is unlikely, based on their biology, that
lionfishes could have arrived as many ma-
rine invaders do, by hitching a ride in the
ballast water of commercial ships.

Lionfishes have several distinct biologi-
cal characteristics that may have helped
them become established—their decora-
tive spines, valued in the ornamental pet
trade for their aesthetic appeal, are ven-
omous to any would-be predators. Their
broad diet, high reproductive potential,
and ability to survive at a wide range of
depths are other factors that may have
helped them become established.

Schofield believes the invasion serves
as a warning of the dangers posed by
introductions of nonnative fishes into an
ecosystem. Some scientists even view in-

Adult lionfish, approxi-
mately 250 mm in total
length. Photograph
taken in October 2004
by James Morris, Jr.,, an
ecologist with NOAA's
National Ocean Service,
at his lab in Beaufort,
North Carolina.

vasive species as a form of biological pol-
lution, notes Schofield, who is concerned
about the possibility of other nonnative
fishes becoming established. One thing

is clear—as the first exotic fish species to
actively breed and expand into Caribbean
reefs, the lionfish illustrates the relatively
short time required by nonnative marine
fishes, once established, to spread.

“This invasion may constitute a harbin-
ger of the emerging threat of nonnative
marine fishes to coastal systems,” Scho-
field said.

In the Florida Keys, Schofield and
her team are working closely with part-
ners from the National Oceanic and
Atmospheric Administration (NOAA) in
Beaufort, North Carolina, and Reef Envi-
ronmental Education Foundation (REEF)
in Key Largo, Florida, to analyze lionfish
diets, an important first step in understand-
ing their impact on reef ecosystems.

Eradication of lionfishes is probably not
possible, admits Schofield. Yet, local con-
trol efforts may be able to keep the popu-
lation tamped down, releasing pressure
on the native ecosystem. Many Caribbean
countries, such as Bermuda and the Cay-
man Islands, have begun lionfish control
programs. In the United States, REEF held
a series of lionfish derbies in the Florida

(Lionfish Spread continued on page 9)
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(Lionfish Spread continued from page 8)

Keys that resulted in more than 600 li-
onfishes being removed from the Florida
Keys National Marine Sanctuary.

Schofield’s most recent paper, “Update
on geographic spread of invasive lion-
fishes (Pterois volitans [Linnaeus, 1758]
and P. miles [Bennett, 1828]) in the west-
ern North Atlantic Ocean, Caribbean Sea
and Gulf of Mexico,” was published in
December 2010 in volume 5, supplement
1 of the journal Aquatic Invasions (http://
dx.doi.org/10.3391/ai.2010.5.51.024);
it updates a September 2009 article pub-
lished in the same journal (http://dx.doi.
0rg/10.3391/ai.2009.4.3.5).

For more information on lionfishes, visit
the USGS Nonindigenous Aquatic Species
lionfish page at http://nas.er.usgs.gov/

queries/FactSheet.aspx?speciesID=963.
Background on lionfish biology and
ecology is also available on NOAA’s
Invasive Lionfish Web site at http://www.

Group of juvenile lionfish,
each fish approximately 120
mm in total length. Pho-
tograph taken in October
2004 by James Morris, Jr.,
an ecologist with NOAA's
National Ocean Service, at
his lab in Beaufort, North
Carolina.

ccfhr.noaa.gov/stressors/lionfish.aspx.
Visit http://www.reef.org/programs/
exotic/lionfish for information on REEF’s
Lionfish Research Program. &

Life in San Francisco Bay Influenced by Factors Far Out at Sea

By Paul Laustsen and Jim Cloern

Marine life in San Francisco Bay has
flourished over the past decade in concert
with a large-scale climatic shift originating
far out in the Pacific Ocean, according to a
U.S. Geological Survey (USGS) study re-
leased in November 2010. The study chal-
lenges the established principle that water
quality in bays and estuaries is driven
primarily by human-caused changes in the
surrounding landscape.

By documenting changes in two domi-
nant climatic cycles in the north Pacific
basin and looking at correlations with pop-
ulation abundances of marine life over the
past 30 years, scientists have linked broad-
er changes in climate to local manifesta-
tions, including record-high abundances of
marine species in San Francisco Bay.

“While some native species of fish
are near extinction in the upstream
[Sacramento-San Joaquin] Delta, bottom
fish, crabs, and shrimp are thriving in
the marine waters of the bay,” said Jim
Cloern, research ecologist with the USGS.
“Discovery that the bay’s biological
communities are linked to climate patterns
thousands of miles offshore is essential
information for environmental managers.”

Studying trends revealed by three de-
cades of observation, scientists from the
USGS, the California Department of Fish

Research
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The Dungeness crab (Meta-
carcinus magister), whose
range extends from the
Aleutian Islands to the coast
of California, is one of the
species whose populations
in San Francisco Bay have
increased with a large-
scale climatic shift that
began in 1999. Photograph
courtesy of the U.S. Fish
and Wildlife Service (http://
/ en.wikipedia.org/wiki/

®%8  File:DungenessCrab.jpg).
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and Game, the National Oceanic and At-
mospheric Administration (NOAA), and
five universities found that one particular
atmospheric pattern over the Pacific Ocean
developed in 1999 and has persisted through
most of the 2000s. This atmospheric pattern
resulted from the interaction of two large-
scale climatic cycles known as the Pacific
Decadal Oscillation and the North Pacific
Gyre Oscillation. The atmospheric pattern
altered winds, ocean currents, and upwelling
to establish a coastal habitat that promotes
the population growth of flatfish, crab, and
shrimp species that migrate into estuaries
such as San Francisco Bay.

USGS scientists have monitored San
Francisco Bay continually since 1968, re-

9

sulting in hundreds of scientific articles to
draw from for this study.

The report “Biological Communities in
San Francisco Bay Track Large-Scale Cli-
mate Forcing Over the North Pacific” was
released November 8, 2010, in the journal
Geophysical Research Letters, at http://
dx.doi.org/10.1029/2010GL044774. The
full citation is Cloern, J.E., Hieb, K.A., Ja-
cobson, T., Sanso6, B., Di Lorenzo, E., Sta-
cey, M.T., Largier, J.L., Meiring, W., Peter-
son, W.T., Powell, T.M., Winder, M., and
Jassby, A.D., 2010, Biological communities
in San Francisco Bay track large-scale cli-
mate forcing over the North Pacific: Geo-
physical Research Letters, v. 37, L21602, 6
p., doi:10.1029/2010GL044774. %
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USGS Scientist Wins National Wildlife Federation Award

By Jennifer LaVista

U.S. Geological Survey (USGS) scientist
Virginia Burkett was awarded the 2011
National Wildlife Federation’s (NWF) Na-
tional Conservation Achievement Award
for Science at the NWF awards gala on
April 13, in Washington, D.C.

Burkett shared the stage with other
prestigious award winners, including actor
Robert Redford and U.S. Senator Rich-
ard Lugar. The National Conservation
Achievement Awards—known informally
as the “Connie Awards”—were established
in 1965 to recognize individuals and or-
ganizations playing a leadership role in
advancing knowledge and action to protect
and restore our environment.

USGS Senior Scientist for Climate and
Land Use Change, Burkett was an early
leader in the movement for addressing cli-
mate change when she began focusing on
the issue in 1990. She has since become
known as one of the most knowledgeable
and accomplished scientists in the field.
Burkett was a lead author of the United
Nation’s Intergovernmental Panel on Cli-
mate Change (IPCC) Third and Fourth
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Assessment Reports, for which the IPCC
received the 2007 Nobel Peace Prize. Her
leadership in these efforts has contributed
immensely to the public’s understanding
of the scientific basis for responding to
global warming and land-cover change.
Burkett has been tireless in her efforts to
educate professional and lay audiences
about climate change and its impacts on
natural resources.

Currently based in Many, Louisiana,
Burkett was formerly Chief of the For-
est Ecology Branch at the USGS National
Wetlands Research Center in Lafayette,
Louisiana. Burkett has also served as
Secretary/Director of the Louisiana De-
partment of Wildlife and Fisheries, Acting
Director of the Louisiana Coastal Zone
Management Program, and Assistant Di-
rector of the Louisiana Geological Survey.
She received her doctoral degree in forest-
ry from Stephen F. Austin State University
in Nacogdoches, Texas, in 1996.

The National Wildlife Federation was
established 75 years ago and is one of
America’s premier conservation organi-

Oil Point area, southern California:

U.S. Geological Survey Scientific
Investigations Map 3124, scale 1:24,000,
pamphlet 18 p., and database [http://
pubs.usgs.gov/sim/3124/].

Hoeke, R., Storlazzi, C., and Ridd, P., 2011,
Hydrodynamics of a bathymetrically
complex fringing coral reef embayment;
wave climate, in situ observations, and
wave prediction: Journal of Geophysical
Research, v. 116, C04018, 19 p.,
do0i:10.1029/2010JC006170 [http://
dx.doi.org/10.1029/2010JC006170].

Pfeiffer, W.R., Flocks, J.G., DeWitt, N.T.,
Forde, A.S., Kelso, K., Thompson,

P.R., and Wiese, D.S., 2011, Archive of
sidescan sonar and swath bathymetry
data collected during USGS cruise
10CCTO02 offshore from Petit Bois Island
including Petit Bois Pass, Gulf Islands
National Seashore, Mississippi, March

10

Virginia Burkett (left) and Gloria Reuben (ac-
tress from the TV show ER) next to one of the
crane awards given to each award recipient.

zations. To learn more about the Connie
Awards, visit the National Wildlife Fed-
eration Web site at http://www.nwf.org/
About/Conservation-Awards/Honorees.
aspx. &

2010: U.S. Geological Survey Data
Series 577, CD-ROM [http://pubs.usgs.
gov/ds/577/].

Richards, T.M., Krebs, J.M., and Mclvor,
C.C., 2011, Microhabitat associations
of a semi-terrestrial fish, Kryptolebias
marmoratus (Poey 1880), in a mosquito-
ditched mangrove forest, west-central
Florida: Journal of Experimental Marine
Biology and Ecology, v. 401, no. 1-2, p.
48-56, doi:10.1016/j.jembe.2011.03.003
[http://dx.doi.org/10.1016/j.
jembe.2011.03.003].

Ruppel, C., The USGS Gas Hydrates Project
convenes DOE workshop on climate-gas
hydrates interaction: Fire in the Ice, U.S.
Department of Energy/National Energy
Technology Laboratory Newsletter, v.

11, no. 1, p. 18-20 [http://www.netl.doe.
gov/technologies/oil-gas/futuresupply/
(Recently Published continued on page 11)

Awards, Publications



Publications, continue

(Recently Published continued from page 10)

methanehydrates/newsletter/
newsletter.htmy.

Ruppel, C., Collette, T.S., Boswell, R.,
Lorenson, T., Buczkowski, B., and
Waite, W., 2011, A new global gas
hydrate drilling map based on reservoir
type: Fire in the Ice, U.S. Department
of Energy/National Energy Technology
Laboratory Newsletter, v. 11, no. 1,

p. 13-17 [http://www.netl.doe.gov/
technologies/oil-gas/futuresupply/
methanehydrates/newsletter/
newsletter.htm].

Schofield, P.J., 2010, Update on geographic
spread of invasive lionfishes (Pterois
volitans [Linnaeus, 1758] and P. miles
[Bennett, 1828]) in the western North
Atlantic Ocean, Caribbean Sea and

Gulf of Mexico: Aquatic Invasions, v.
5, suppl. 1, p. S117-S122, doi: 10.3391/
ai.2010.5.S1.024 [http://dx.doi.
0rg/10.3391/ai.2010.5.51.024].

Socolofsky, S.A., Adams, E.E., and

Sherwood, C.R., 2011, Formation
dynamics of subsurface hydrocarbon
intrusions following the Deepwater
Horizon blowout: Geophysical
Research Letters, v. 38, no. L09602, 6
p. doi:10.1029/2011GL047174 [http://
dx.doi.org/10.1029/2011GL047174].

Storlazzi, C.D., Conaway, C.H., Presto,

M.K., Logan, J.B., Cronin, K., van
Ormondt, M., Lescinski, J., Harden,
E.L., Lacy, J.R., and Tonnon, P.K., 2011,
The dynamics of fine-grain sediment
dredged from Santa Cruz Harbor: U.S.

Publications Submitted for Bureau Approval

Brand, A., Lacy, J.R., Gladding, S.,
Holleman, R., and Stacey, M.T.,
Model-based interpretation of sediment
concentration and vertical flux
measurements in the shoals of South San
Francisco Bay: Journal of Geophysical
Research-Oceans.

Cooper, A.K., and others, Data, collections
and maps—Progress in Antarctic Science
(PTIAS): International Symposium on
Antarctic Earth Sciences, Edinburgh,
Scotland, July 10-16, 2011, Proceedings.

Erikson, L.H., Storlazzi, C.D., and Collins,
B.D., Influence of the decreased seasonal
ice pack extent on the wave climate and
run-up in the eastern Chukchi Sea: Arctic.

Forde, A.S., Dadisman, S.V., Flocks, J.G.,
Wiese, D.S., DeWitt, N.T., Pfeiffer, W.R.,
Kelso, K.W., and Thompson, P.R., Archive
of digital chirp sub-bottom profile data
collected during USGS cruises 10CCTO1,
10CCT02, and 10CCTO03, Mississippi and
Alabama Gulf Islands, March and April
2010: U.S. Geological Survey Data Series.

Ganju, N.K., A novel approach for direct
estimation of fresh groundwater discharge
to an estuary: Geophysical Research
Letters.

Griffin, D.W., McEntee, J.C., Castronovo,
D., Lyles, M., and Naumova, E.N.,
Remote sensing applications for assessing
the effects of air quality on human health;

Publications

an emphasis on volcanic ash and desert
dust, chap. 1 of Morain, S., and Budge,
A., eds., Environmental tracking for
public health surveillance: Leiden, The
Netherlands, CRC Press/Balkema.

Lacy, J.R., and Hoover, D., Wave exposure

of Corte Madera Marsh; a field
investigation: U.S. Geological Survey
Open-File Report.

Lacy, J.R., Gladding, S., Brand, A.,

Collignon, A.G., and Stacey, M.T., The
influence of wind on shoal-channel
suspended-sediment flux in South

San Francisco Bay [abs.]: Coastal and
Estuarine Research Federation (CERF)
Biennial Conference, 21st, Daytona
Beach, Florida, November 6-10, 2011.

McMullen, K.Y., Poppe, L.J., Ackerman,

S.D., Blackwood, D.S., Schaer, J.D.,
Nadeau, M.A., and Wood, D.A., Surficial
geology of the sea floor in central Rhode
Island Sound, southeast of Point Judith,
Rhode Island: U.S. Geological Survey
Open-File Report 2011-1005.

Mosher, D., Shimeld, J., Hutchinson, D.,

Lebedeva-Ivanova, N., and Chapman,
B., Submarine landslides in Arctic
sedimentation; Canadian Basin, in
Urgeles, R., Mosher, D., Chaytor, J.,
and Strasser, M., eds., Submarine mass
movements and their consequences; 5th
international symposium, Kyoto, Japan,

1"

Geological Survey Open-File Report
2011-1045, 110 p. [http://pubs.usgs.
gov/0f/2011/1045/].

Storlazzi, C.D., Elias, E., Field, M.E., and

Presto, M.K., 2011, Numerical modeling
of the impact of sea-level rise on fringing
coral reef hydrodynamics and sediment
transport: Coral Reefs, v. 30, suppl. 1, p.
83-96, doi:10.1007/s00338-011-0723-9
[http://dx.doi.org/10.1007/s00338-011-
0723-9].

Takesue, R.K., and Swarzenski, P.W., 2011,

More than 100 years of background-level
sedimentary metals, Nisqually River
Delta, South Puget Sound, Washington:
U.S. Geological Survey Open-File
Report 2010-1329, 13 p. [http://pubs.
usgs.gov/of/2010/1329/].&

October 24-26, 2011: Advances in Natural
and Technological Hazards Research
(Springer book series).

Mosher, D.C., Shimeld, J., Chian,

D., Lebedeva-Ivanova, N., Li, W.,
Hutchinson, D., Edwards, B., Mayer, L.,
and Chapman, B., Sediment distribution
in Amerasian Basin, Arctic Ocean [abs.]:
International Conference on Arctic
Margins, 6th (ICAM VI), Fairbanks,
Alaska, May 31-June 2, 2011.

Pohlman, J.W., Riedel, M., Novosel, 1.,

Bauer, J.E., Canuel, E.A., Paull, C.,
Coffin, R.B., Grabowski, K.S., Knies,
D.L., Hyndman, R.D., and Spence, G.D.,
Evidence and biogeochemical implications
for glacially derived sediments in an active
margin cold seep [abs.]: International
Conference on Gas Hydrates, 7th,
Edinburgh, Scotland, July 17-21, 2011.

Poppe, L.J., McMullen, K.Y., Ackerman,

S.D., Blackwood, D.S., Irwin, B.J., Schaer,
J.D., and Forrest, M.R., Sea-floor geology
and character of eastern Rhode Island
Sound west of Gay Head, Massachusetts:
U.S. Geological Survey Open-File Report
2011-1004, DVD-ROM.

Ruppel, C., Methane hydrates and

contemporary climate change: Nature
Knowledge, online education series for
undergraduate students.

(Publications Submitted continued on page 12)

Sound Waves June 2011



(Publications Submitted continued from page 11)

Sallenger, A.H., Hurricanes, sea-level rise,
and coastal change: Coastal Sediments ‘11,
Miami, Fla., May 2-6, 2011, Proceedings.

Scholl, D.W., Barth, G.A, and Childs,

J.R., Methane gas and methane hydrate
of the Bering continental margin and
adjacent Aleutian Basin; original, new,
and soon-to-be-collected findings [abs.]:
International Conference on Arctic
Margins, 6th (ICAM VI), Fairbanks,
Alaska, May 31-June 2, 2011.

Schroth, A.W., Crusius, J., Chever, F.,
Bostick, B.C., and Rouxel, O.J., Glacial
influence on the geochemistry of riverine
iron fluxes to the Gulf of Alaska and
potential effects of a changing watershed:
Geophysical Research Letters.

Smith, D.J., Griffin, D.W., and Jaffe, D.,
The high life; movement of microbes
through the atmosphere: Eos (American
Geophysical Union Transactions).

Smith, K.E.L., Flocks, J.G., Steyer, G.D.,
and Piazza, S.C., Distribution of diatoms
in the coastal wetlands of southwest
Louisiana and their potential use as
sea-level indicators [abs.]: Phycological
Society of America Annual Meeting,
Seattle, Wash., July 13-16, 2011.

Stevens, A.W., and Lacy, J.R., Relating
hydrodynamics and sediment transport

June 2011 Sound Waves

to seagrass distributions along a wave-
energy gradient: Estuaries and Coasts.

Storlazzi, C.D., Presto M.K., and Brown,

E.B., Coastal circulation and water
column properties off Kalaupapa National
Historical Park; 2008-2010: U.S.
Geological Survey Open-File Report.

Swarzenski, P.W., Smith, C.G., Whicker,

E.W.,, Dellapenna, T., Johnson, K.,

and Williams, J., A geochemical and
geophysical investigation of the geologic
controls on coastal groundwater
exchange in Copano Bay, Texas

[abs.]: Coastal and Estuarine Research
Federation (CERF) Biennial Conference,
21st, Daytona Beach, Florida, November
6-10, 2011.

Voulgaris, G., Kumar, N., Gurgel, K.W.,

Warner, J.C., and List, J.H., 2-D inner-
shelf current observations from a

single VHF WEllen RAdar (WERA)
[abs.]: IEEE/OES Current, Waves and
Turbulence Measurement Workshop, 10th,
Monterey, Calif., March 20-23, 2011.

Waite, W.F., Santamarina, J.C., Rydzy, M.,

Chong, S.H., Grozic, J.L.H., Hester, K.,
Howard, J., Kneafsey, T.J., Lee, J.Y.,
Nakagawa, S., Priest, J., Rees, E., Koh,
C., Sloan, E.D., and Sultaniya, A., Inter-
laboratory comparison of wave velocity

12

measures [abs.]: International Conference
on Gas Hydrates, 7th, Edinburgh,
Scotland, July 17-21, 2011.

Warrick, J.A., Stevens, A.W., Miller, .M.,

and Gelfenbaum, G., Coastal processes
of the Elwha River delta, chap. 5 of
Duda, J.J., Warrick, J.A., and Magirl,
C., eds., Coastal habitats of the Elwha
River—biological and physical patterns
and processes prior to dam removal:
U.S. Geological Survey Scientific
Investigations Report.

Williams, R.S., Jr., and Ferrigno, J.G.,

Glaciers, subchapter 2 of chapter A, State
of the Earth’s cryosphere at the beginning
of the 21st century; Glaciers, global snow
cover, floating ice, and permafrost and
periglacial environments, in Williams,
R.S., Jr., and Ferrigno, J.G., eds., Satellite
image atlas of glaciers of the world: U.S.
Geological Survey Professional Paper
1386-A-2.

Winters, W.J., Wilcox-Cline, R., Hubbard,

N.J., and Torosian, G.T., Physical and
geotechnical properties of gas-hydrate-
bearing sediment from offshore India and
the northern Cascadia margin compared to
other hydrate reservoirs [abs.]: International
Conference on Gas Hydrates, 7th,
Edinburgh, Scotland, July 17-21, 2011.4

Publications





